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COMPRESENSIVE MDIOLOGICA]. SURVEY

OFF.SITE PROPERIY C,
NIAGARA FAILS STORAGE SITE

LEIilTSToN, NEW YORK

INTRODUCTION

Beginning in 1944, the Mauhattaa Engineer Distr ict  and i ts succeseor '

the Atoroic Energy Cor"mission (AEC), used port ions of the Lake 0ntar io

Ordnance l{orks (present ly referred to as the Niagara FaLls Storage Site

(NFSS)  and o f f -s i te  p roper t ies ) ,  approx imate ly  3  km nor theas t  o f  Lewis ton ,

New York, for storage of radioaet ive wastes. Tbese wastes were pr imari ly

residues frou urauir .un processing operat ious; however,  they also included:

contaminated rubble and scrap from deco-- issioniug act iv i t ies, biological

and oiscel laneous wastes from the Universi ty of Rochestet,  and low-level

f ission-product waste from contaminated-l iquid evaporators at the KnolLs

Atooic Power Laboratory (rupf.) .  Receipt of  radioact ive waste was

discont inued in 1954, aod, fol lowing cleanup act iv i t ies by Eooker Chenical

Co. ,  525 hec tares  o f  the  or ig ina l  6 l2 -hec tare  s i te  were  dec la r -ed  surp lus .

This property was e\rentually sold by the General Senrices Administratiou to

varigus pr ivate, cormercial ,  and goverDmental  agenciee. l

Modern Laodf i l l ,  Inc. is the current orner of a tract f rom the NFSS'

ident i f ied  as  o f f -s i te  p toper ty  C '  (see  F igure  1) .  A  rad io log ica l  survey

of that t ract,  conducted during 0ctober 1983, ie the subject of  this

repor t .

SITE DESCRIPTION

Figure  2  i s  a  p lo t  p lan  o f  o f f -s i te  ProPer ty  C ' .  ( t t r i s  t rac t  o f

5 .2  hec tares  ac tua l l y  inc ludes  about  1 .2  hec tares  o f  the  or ig ina l

property C; however,  s ince the ownership of that sect ion is now the same as

that of property C' i t  has been considered as e single parcel for the

purposes of this survey.)  This property is unused and is overgrovn with

heavy brush, weeds, and trees. The eastern port ion of the ProPerty

contains u,any swampy regions and has been designated by the state of



New york  as  a  "wet lands"  a rea .  The proper ty  i s  fenced on  the  eas t ,  nor th '

and west  s ides .  SCA Chen ica l  Serv ices ,  Inc .  o l rns  the  proPer ty  nor th  and

east  o f  a tea  C ' ;  Modern  Landf i l l ,  Inc .  o \ rns  the  proper ty  to  the  south ;  aad

the propetty to the west is part  of  the Departnent of Energy's Niagara

Fal ls Storage Site.  An unused and part ial ly removed rai l road track forms

the southern ProPerty boundary. Unused tracks also cross the PtoPelty near

the  eas tern  Per imeter .

Rad io loe ica l  H is to rv

There is no record of contaninated mater ial  bur ial  on this property. l

The L}TL-7| survey ideut i f ied an area of surface coutaminat ion al 'ong the

rai l road t tack uear the south-central  port ion of the ptop"t ty.2 Some

removal of  surface soi l  l ras perforned as a result  of  those f indings.

Elevated direct radiat ion levels have been measured along the rai l road

tracks (possibly due to natural  mater ials in the roadbed bal last)  asd near

the western boundary, a result  of  the radium bearing residues stored in the

tower on the adjacent DOE property.2r3

SURVEY PROCEDURES

The comprehensive survey of of f-s i te property C'was performed by the

Radiological  Si te Asgessment Program of Oak Ridge Associated Unviersi t ies

(9RAU), dur ing 0ctober,  1983. The survey was in accordance with a plan

dated  March  18 ,1983,  approved by  the  Depar tment  o f  Energy 's  0 f f i ce  o f

Nuclear Energy. The object ives and procedures from that plan are presented

in  th is  sec t ion .

0b i  ect ive

The object ive of the sur i \ rey was to provide a comPrehensive assessment

o f  the  rad io log ica l  cond i t ions  and assoc ia ted  po ten t ia l  hea l th  e f fec ts ,  i f

any ,  on  proper ty  C ' .  Rad io log ica l  in fo rmat ion  co l lec ted  inc luded:



1.  d i rect  rad iat ion exPosure
ra tes  t

rates and surface beta-ganna dose

2.  locat ions of  e levated sur face res idues,

3. concentratioos of radionuclides in surface and subsurface soil ,
aod

4. cooceatrat ions of radionucl ides in subsurface water.

Procedures

Brush and weeds were cleared as needed to provide acceso for

gr idding and sunreying and a 20 n systeg was establ ished. These

operat ions were perforned by Mclntosh and Mclntosh of Lockport ,

NY, uuder subcontract.  The gr id systen is shosn on Figure 3.

l{alkover surface scaBs were conducted at. L-2 m interrrals over aLl

acceseible areas of the ProPerty.  Portable gautra NaI(T1)

scint i l lat ion survey metels were used for these scane. Locat ions

of elevated contact radiat ion levels were noted.

Because uumerous locat ione of elevated surface radiat ioa lerrels

were ident i f ied in the sect ion of property bounded by gr id l inee

670N, 720I{,  9408, aad 10008, this area wao subdivided into l0 n

grid blocks to provide addit ional syetenat ic soi l  sampl ing

p o i n t s .

Gamma exPosure rate measurements were made at the surface aad at

I  m above the surface at 20 n gr id intenrals.  Measurements were

performed using portable gagma scint iLlat ion survey meters.

Conversion of these measurements to exposure rates in

microroentgens pe! hour (UR/h) wag in accordance with cross

cal ibrat ion with a pressurized ionizat ion chamber.

l .

2 .

3.

4 .

Beta-gamna

surface at

conducEed

doee rate measurements were performed I cm above the

20 n gr id intenrals.  These measurements were

using thin-window (<Z ng/cn2) G-M deteetors and

5.



6 .

7 .

por tab le  sca le r / ra teneters .  Measurements  were  a lso  ob ta ined w i th

the  de tec tor  sh ie lded to  eva lua te  cont r ibu t ions  o f

non-peoetrat ing beta and low-energy gamma radiat ioug. Meter

readings were converted Eo dose rates in microrads Per hour

(Urad/h) ,  based on  c ross  ca l ib rag ion  w i th  a  th io -w indow

ionizat ion chamber.

Surface (0-15 cu) soi l  samples of approximately 1 kg each were

col lected at 20 n gr id iutenrals and at 10 n gr id iatenrals

withiu the subdivided area described in i ten 3, above.

At locat ions of elevated surface radiat ion levels,  ident i f ied by

the wel-kover scan, exposure rates at contact and 1 n above the

surface and beta-g:l@:l doee rates at I cm above the surface were

measured. Surfbce samples were obtained frorn selected locat ions

aod, fol lowing sanpl ing, the surface exposute levels were

remeasured to evaluate the effect iveness of shal low sanpl ing on

renoval of  the radiat ion source.

ShaLlow (about 1.2 n maxinum depth) boreholes were dr iLled to

provide a mechanism for logging subsurface direct radiat ion

prof i les and col l .ect ing subsurface sanples. Ten borehoLes were

dri l led by surxtey team persoonel,  using a Portable notor ized

auger unit .  The locat ione of these boreholes are showa on

F igure  4 .

A ganna scan of the boreholes was performed to ident i fy elevated

rad ia t ion  1eve ls ,  wh ich  wou ld  ind ica te  subsur face  res idues .

Radiat ion prof iJ.es iu the boreholes were detetnined by measuring

gamma radiation at l5-30 cn interrrals between the surface and

hole bottom. A col l iuated gamma scint i l lat ion detector and

portable scaler were used for these measurements.

soi l  samples of approximately I  kg each were col lected from

various depths in the holes by scraping the sides of each

8 .



borehole with an OR.I |U desigoed sanpl ing tool .  Water samples were

a lso  co l lec ted  f rom two o f  the  boreho les .

Twenty soi l  samples and seven l tater sauples were col lected from

the Lewis ton  area  (bu t  no t  on  the  NFSS or  assoc ia ted  o f f -s i te

propert ies) to provide baseLine concentrat ions of radionucl ides

for comparison purposes. Direct background radiaton levels were

measured a t  loca t ious  where  base l ine  so i l  samples  were  co l lec ted .

The locat ions of the basel ine samples and background measuremeots

are showa ou Figure 5.

Sample Analvses and Interpretatiou of Results

Soil samples were analyzed by ganma spectrouetry. Radiun-226 was the

najor radionucl ide of coocern, al though spectra were reviewed for Cs-137,

lJ-235, U-238, Th-232, and other gatma enit ters.

Additional infornation concerning anaLytical equipment and procedures

is contained in Appendix A.

Resulte of this surx/ey were compared to the appl icable guidel ines for

fornerly ut i l ized radioact ive mater ials haadl iug si tes, which are presented

in Appendix B.

RESULTS

Backeround Levels and Basel ine Concentrat ions

Background exposure rates and basel ine radionucl ide concentrat ions in

soi l ,  dererniued for 20 locat ions ( l ' igure 5) in the vic ini ty of the NFSS'

are  presented  in  Tab le  l -A .  Exposure  ra tes  ranged f ron  6 .8  to  8 .8uR/h

(typicaL levels for this area of New York).  Concentrat ions of

rad ionuc l ides  in  so i l  were :  Ra-226,  <0 .09  to  L .22  p9L le  (p icocur ies  Per

gran) ;  U-235,  <0 .14  to  0 .46  pc t le ;  U-238,  <2 .20  Eo 6 .26  pc i lg ;  Th-232,  0 .32

to  l . l8  pc i /g ;  and Cs-137,  <0 .02  to  1 .05  pc i /g .  These concent ra t ions  are

typical  of  the radionucl ide levels normal ly encountered in surface soi ls.

a



Radioac t iv i t y  leve ls  in  base l ine  water  samples  are  presented  in

Tab le  l -8 .  The gross  a lpha and gross  be ta  concent ra t ions  ranged f ron  0 '55

r o  1 . 8 7  p C L / L  ( p i c o c u r i e s  p e r  l i t e r )  a n d  ( 0 . 5 3  t o  1 4 . 3  p C i / 1 ,  r e s p e c t i v e l y '

These are tyPical  of  concentrat ions normal ly occurr ing in surface l tater '

D i rec t  Rad ia t ion  Leve ls

Di rec t  rad ia t ion  leve ls ,  sys temat ica l l y  measured a t  20  n  g r id

intenrals,  ale presented in Table 2. The ganma exPosure rates at I  m above

t .he  sur f  ace  ranged f rom 8  to  23  r rR/h  (average 11  pR/h) .  A t  sur face

contac t ,  the  ra tes  raaged f rom 8  to  21  UR/h  (average 11  UR/h) '  Be ta-ganna

dose ra tes  ranged f rom-  9  to  71  Urad/h  (average 21  y rad /h) .  Measurenents

performed with the detector shielded averaged approxinately 202 less than

rhose w i th  the  unsh ie lded de tec tor .  Th is  ind ica tes  on ly  a  smal l  por t ion  o f

the surface dose rate at these locat ions is due to nonPenetrat ing beta or

low-6nergy photon radiat ions. Levels were generalLy higher along the

lrestern boundary --  the area nearest the si te of the stored radium bearing

r e s i d u e s .

The walkover sur ivey ident i f ied numetous smal l  isolated areaa with

elevated surface radiat ion 1evels.  These l0cat ions are indicated on

Figure 6 and direct radiat ion levels at these locat ions are presented in

Table 3. Contact gaum exPosure rates raaged from L4 to 320 UR/h'  The

maximum contact exPosure rate waa at gr id coordinate 58/rN, 1002E' Gaona

exposure rates at I  m above the surface and contact beta-gamna dose rateg

ranged f rom 10 to  29  uR/h  and 36  to  5890 prad /h  resPect ive ly .  The h ighes t

dose ra te  was a lso  a t  g r id  loca t ion  6g lN,  1002E.  Sampl ing  a t  many o f  these

loca t ions  d id  no t  s ign i f i can t ly  reduce the  d i rec t  rad ia t ion  1eve1s  '

suggest ing that contaminat ion at these points is di f fused rather than in

s m a l l  d i s c r e t e  d e P o s i t s .

Radionucl ide Concentrat ions io Surface Soi l

of  radionucl ides measured in surface

These samPles contained Ra-226
T a b l e  4  l i s t s

so i l  f rom 20 n

the concentrat ions

gr id  in tenra ls .



concent ra t ions  rang ing  f rom 0 .48  to  7 . fS  pCi /g .  Approx imate ly  267"  o f  the

samples had Ra-226 levels above the range measured in basel ine soiL'

Samples  co l lec ted  f rou  those por t ions  o f  the  ra i l road bed,  wh ich  have no t

been removed,  cons is ted  pr imar i l y  o f  rock  ba l las t  w i th  na tura l l y  occur r ing

concentrat ions of Ra-226 and U-23 8 ranging from about 2 Eo 7 p0i ' l  g '  The

sampLe f rom coord ina te  700N,  1160E conta ined 8 .11  pCi /g  o f  Cs-137,  and the

sample  f rom 7OON,  9608 conta ined 2L .8pCi lg  o f  U-238 '  Numerous  o ther

samples  conta ined concent la t ions  o f  U-235,  U-238,  Cs-137,  and T1n.232 up  to

approximately twice the ranges in basel ine soi1.

Concentrat ions of radionucl ides in surface samples from 10 m intenrals

in the area of the subdivided gr id are Preseoted in Table 5'  Approximately

60% of these samples cont,aiued elevated Ra-226 concentrat ious; the highest

leve l  l ras  9 .95  pc i /g  a t  6  sN,  970E.  U-238 concent ra t ions  were  a lso

elevated in nany of these samples, with the maximum level of  55'8 pGi/g at

690N, 9908. Cs-137 and Th-232 concentrat ions were only sl ight ly above

those in basel ine samples. These results indicate that the radionucl ide

lerrels are general ly higher along gr id l ines 670N and 680N, near the

rai l road track

Al1 surface samples, col lected from areas of elerrated direct radiat ion

ident i fed by the surface scan, contain elevated levels of Ra-226 and U-238

(see Table 6).  The maximum Ra-226 concentrat ion was 22,500 PCi/g in sauple

r,27 fron 706N, 94881 however,  sample B14 from 680N, 9608 contained several

smal l  wh i te  ch ips  w i th  a  to ta l  con ten t  o f  0 .60uCi  o f  Ra-226 '  Samples  B l8

and 819 conta ined U-238 concent ra t ions  o f  10 ,800 and 14 ,800 pCi /g ;

respect iveLy; U-235 concentrat ions in these two sanples indicated natural ly

occurr ing uranium isotopic abundances. Many of the higher radium and

uranium cotrcentrat ions are associated with surface debris or are in the

form of smal l  white or yel low chips and f lakes'

Cs-l37 and Th-232 concentrat ions in these sanples are general ly in the

range o f  base l ine  leve ls  o r  a re  be low the  de tec t ion  sens i t i v i t y  l i rn i ts  o f

the  ana ly t i caL  procedures .



Borehole Garnma Loseing Measurements

The results of ganma scint i l lat ion measurements performed iu boreholes

indicated that contaminat ion is l iu i ted to the upper 15 to 30 cm of soi l '

Go,nma logging data wbs not used to quant i fy radionucLide cotrcentrat ions in

rhe subsurface soiL becauee of the varying rat ios of Ra-226, V-235' U-238'

Cs-137,  and Th-232 occur r ing  in  so i l s  f rom th is  s i te .

RadionucLide Conceotrat ions iu Subsurface Soi l

TabLe 7 preseuts the radionucl ide concenttat ions measured ia soi l

sampJ.es from boreholes. Boreholes El-83, located to provide a

representat ive coverage of the PloPerty '  did not cont 'aia leve1s of

radionucl ides di f fer ing signi f icant ly from basel ine leve1s- Boreholee

E4-El l  were at locat ions of t thot spotsrrf  ident i f ied by the walkover scaa.

Concentratioirs of Ra-226 and/or U-238 are elevated in Eost of the

subsurface samplee; the oarimuu subsurface Ra-226 level is 7.68 pCi/g fron

rhe 0.6 n depth in borehole 85, and the maxinuu U-238 level is 36.0 pCi/S

at the 1.0 n depth ia borehole 88. There are no signi f icant leveLs of

Ce-137 or Th-232 in the subeurface samples.

Radionucl ide Concentrat ions in Subsurface l{ater Samples

Concentrat ions of radionucl. ides, measured in water sanples from two

boreholes, are presented in Table 8. Both samples coutained elevated gross

alpha concentrat ions; the higher level was 278p9Ll l  in the sample from

borehole E9 (surface soi l  at  that borehole locat ion contained 1900 pCi/g of

Ra-226).  Ra-226 concentrat ions in these -sanples were Wl,  0.98 pCi/ l  and

v2 ,0 .92  pc i /1 .

COMPARISON OF RESULTS I{I13 GUIDELINES

The guidel ines appl icable to cleanup of the off-s i te ProPert ies at

NFSS are presented in Appendix B. Exposure rates at I  m above Lhe ground

sur face  o f  29  uR/h  max imum and 11  UR/h  average are  we l l  be low 60 UR/h ,



which is the cont inuous exPosure rate equivalent to approximately

500 rnren/yr the recotmended l in i t  for the general  publ ic.  Surface soi l

samples fron 20 n gr id intenrals ei ther contaiu less than 5 p9i lZ of Ra-226

above basel ine 1evels or their  Ra-226 concentrat ions are natural ly

occur r ing  ( ra i l road ba l las t ) .  The south-cent raL  Por t ion  o f  the  proper ty

contains general  areas and isolated "hot sPotstt  with surface Ra-226 and

U-238 concentrat ions exceeding the guidel ines of 5 pCi/g aud 150 pCi/g,

respec t ive ly ,  above base l ine  leveLs .  These areas  and t tho t  sPots t t  a re

indicated oo Figure 7 and, Listed in Table 9. The isolated contaminated

spots can be el imiuated by removal of  a smal l  volume (<1 n3 each) of

surface soi l .  Removal of  the areas of general  surface contaminat iou can be

acconpl ished by removal of  approxinately 21 n3 of soi l .  No subsurface

cootaniuat ion exceeding guidel ine 1evels was ident i f ied oo this ProPerty.

Both water samples contained conceutrations exceeding the EPA Interim

Drinking Water Standards of f5 pGi/ l  gross alpha and 50 pCi/L gro88 beta.

The Ra-226 concentratious in these samples were below the EPA standard of

5 pcLl 1 total radiuu.

SUM}{ARY

A comprehensive su: i ley of of f-s i te property C' at  the Niagara Fal ls

Storage Site was conducted during October,  1983. The survey iacluded

surface radiat ioa scans, measuremeuts of direct radiat ion leve1s, aad

aaalyses of radioaucl ide concentrat ions iu surface and subsurface soi l

samples .

The results of the surrrey indicate elevated direct radiat ion levels on

the western Port ion of the ProPerty,  due to residues stored on the adjacent

DOg si te.  Ra-226 and U-238 coutaminat ion in surface (O-t5 cn) soi l  in the

south-central .  port ion of the ProPelty,  bel ieved to be the result  of

previous UED/AEC act iv i t ies, exceeds the guidel ines for fornerly ut i l ized

s i tes .  Th is  contaminat ion  a lso  produces  e leva ted  d i rec t  rad ia t iou  leve ls

on that area of Ehe ProPerty.  I {ater sampl ing indicates that smal l  amounts

of radioact ive mater ial  may also be enter ing the shal low ground water table



in the i rmediate vic ini ty of some surf  ace

areas could be el iminated by removal of  an

( r e f e r  E o  T a b l e  9  a n d  F i g u r e  7 ) .

contaminat ion. Contaminat 'ed

es t imated 30-40 n3  o f  so i l

Although there are areas of elevated direct radiation and smal1

isolated locations of contaminated residues on port ious of this ProPerty'

the radiation and radionuclide levels do Dot Pose potential health r isks '

There is no evidence that nigration of the radioactive materials is

adversely  af fect iug adjacent  proper t ies.

10
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TABLE I-B

RADIONUCLIDE CONCENIRATIONS IN BASELINE IIATER SAMPLES

Locat ioua
Rad ionuc l ide  Conceot ra t ions  (pCi / I )

!ll
tt2

sI3
w4
I.l5
tl6
I{7

0 .95  +  0 .93  b

0 .95  +  0 .94
0 .55  +  0 .79
0 .63  +  0 .gg
0 .73  +  0 .68
1 .87 -g  1 .84
l . 16  t  0 .65

0 .55  ro  1 .87

4.79  2  L .L5
9 .17  i  1 .31
2 .73  1  1 .05
5 . f /  +  1 .17

<0 .64
14 .3  !  2 .4

<0 .53

<0.63  to  14 .3Range

a
b

Refer to f igure 5.
Errors are 2o based on count ing s tat is t ics .
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TABLE 2

DIRECT RADIATION LEVETS
MEASURED AT 20 M GRID INTERVALS

Grid
Location
NE

Ganttta ExPosufe
R a t e s a t l n A b o v e

the Surface
(u  R/h)

Gprnma Exposure
Rates at the

Surface
(u R/h)

Beta-Gamna Doee
Rates at I cm

Above the Surface
(u radlh)

66 8 766
66 8 820
66 8 840
661  860
66 8 880
66 8 900
66 8 920
66 8 940
668  %0
66 8 980
66 8 1000
66  8  r020
66 I 1040
668  1060
66 8 1080
66  I  1100
66  8  1120
66  8  1140
66  8  1160
668  1180
66 8 1200
668 L220
668 1240
6 80 766
680 820
6 80 8t40
680  S0
6 80 880
6 80 900
680 920
680 940
6 80 960
6 80 980
680 1000
6 80 1020
6 80 1040
6 80 1060
6 80 1080
6 80 1100
6 80 1120
6 80 1140

L7
13
L2
L2
L2
L2
L2
L2
L2
L2
13
l3
L2
L2
L2
L2
L2
l l

9
10

8
9

L2
L7
l3
t3
L2
10
10

9
9

L2
l3
L7
L2
l0

9
l0
L2
10
L2

18
13
L2
L2
13
L4
13
L2
13
T2
l3
L4
L2
L2
r3
l 2
13
1 l

7L
62
53
18
34
24
35
31
59
54
L7
4L
2L
32
26
61
36
25
t8
L7
19
L2
51
7L
34
L2
4I
37
29
25
16
l3
52
28
l8
10
L7
24
L7
l6
22

9
t0

9
9

I4
18
L2
L2
10
10

9
9

10
L2
L4
L2
10
l0
10
10

t0

10
L2

20



TABLE 2 ,  con t .

DIRECT RADIATION LEVELS
MEASURED AT 20 M GRID INTERVAIS

Gr id
Locat ion

N E

Garttna EXpOSUTe

Ratesa t lmAbove
the Surface

(uR/h )

Gamma Exposure
Rates at the

Surface
( u R / h )

Beta-Gama
Dose Rate6 at I  cm

Above the Surface
( u r a d / h )

6 80  1160
580 1180
680 1200
680 L220
680 1240
700 766
700 820
700 840
700 860
700 880
700 900
700 920
700 940
700 960
700 980
700 r000
700 1020
700 1040
700 1060
700 1080
700 1100
700  1120
700 1140
700  1160
700 11 80
700 1200
700 L220
700 L240
720 766
720 820
720 840
720 S0
720 880
720 900
720 920
720 940
720 960
720 980
720 1000
720 1020
720 1040

L2
9
9
9

L2
20
L4
L2
10
10
10
l0
10
L2
10
L2
10
10

9
10

9
9
9
9

L2
9
9

L2
18
L4
l3
L2
l0

9
10

9
8
8

L2
L2
l0

13
9
I
9

T4
t8
L4
L2
10
IO
10
10

I
13
l0
L2
l0

9
10
l0

9
9

l0
10
t3

9
9

l4
L7
L4
L2
L2
r0

9
l0

9
8
9

L2
I2
10

30
16
L2
L2
4l
35
27
25
26
L7
20
24
19
64
l9
15
29
36
l0
16
26
L2
10
L4
27
25
15
54
t+6
36
52
31
32
22
20
26
15
19
22
22
20

2L



TABLE 2, cont.

DIRECT RADIATION LEVELS
MEASURED AT 20 M GRID INTERVALS

Grid
Locat iou

NE

Gamma Exposure
R a t e 6 a t l m A b o v e

the Surface
( uR/h)

Qernma Exposure
Rates at the

Surface
( uR/h)

Beta-Gamma
Dose Rates at I  cm
Above the Surface

(y rad /h)

720 1060
720 1080
720  1100
720  1120
720  1140
720  1160
720 11 80
720 1200
720 L220
740 766
740 820
7 40 gl0
740 860
740 880
740 900
740 920
740 940
740 960
740 980
740 1000
740 1020
740 1040
740 1060
740 1080
740 1100
740  1120
740  1140
740  1160
740  1180
760  766
760 820
760 8!l+0
760 860
760 880
760 900
760 920
760 940
760 980
760  1000
760  1020
760 1040

9
9
9
9

10
9
9

L2
9

20
L4
13
L2
10
10

9
10

8
8

T2
9

10
9
9
9
9
9
9
8

2T
I4
L2
T2
10
l0
10

9
8

L2
10

9

10
9

l0
9
9

10
9

L2
t0
20
L4
13
L2
10
t0

9
10
l0

9
L2

9
9
9
9
9
9
9
9
9

20
L4
L2
L2
10
10
10

9
9

L2
10
l0

20
22
10
15

9
l4
45
37
11
48
37
30
32
23
16
23
l l
t 9
l 9
29
19
l3
25

9
19
19
19
25
16
53
33
32
13
29
39
29
L2
26
13
27

a
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TABLE 2, cont.

DIRECT RADIATION LEVELS
I'{EASURED AT 20 M GRID INTERVALS

Grid
Locat ion

NE

Gauma Exposure
Ra tesa t lmAbove

the Surface
(un/h)

Gamma Exposure
Rates at the

Sur face
(  uR/h)

Beta-Gamma
Dose Rates at I  cm
Above the Surface

( u r a d / h )

760  1060
760  1080
760  1100
760  l r 20
760  t l 40
7 80 766
7 80 820
7 80 8r+0
7 80 860
7 80 880
7 80 900
780 920
780 940
7 80 960
7 80 980
7 80 1000
7 80 1020
7 80 1040
780 1060
7 80 1080
7 80 1100
76  753
76  766
7 t5 820
7 6 8rl0
76  60
76 880
76  900
76 920
76 940
76 ! ,60
76  980
7 6 1000
7 t5 1020
7 t5 1040
7  6  1060
7 t5 1080

23
t9

9
22
16
57
27
22
23
40
28
2 l

9
L2
31
2L
13
a

l5
29
26
63
45
32
30
25
32
22

9
l6
13
1 l
l 5
29

a
l 3
20

9
9
9
9
9

20
L4
L2
L2
l0

9
10
10

I
I

1 l
1 l

9
9
9

10
23
20
L4
13
L2
l0

9
9
9
8
8

10
10

9
10
10

9
9
9
9

10
18
L4
l3
T2
10

9
l0

9
9
8

l1
L2

9
9
9
9

20
2L
13
L4
T2
10

9
9
9
9
8
9

L2
9

L2
l0

a Gr id  po in t  inaccess ib le  due to  sur face  water ,  heavy  brush,  o r
hornets  nes ts .
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APPENDIX A

Instrumentation and Analytical Procedures

Gauma Scinti l  lat ion Measurements

Walkover surface scans and measurements of gauma exposure rates were

performed usiug Eberl ine Model PRM-6 portable ratemeters with Victoreeu

Mode l  489-55 ganma sc in t i l l a t ion  probes  conta in ing  3 .2  cn  x  3 .8  cm NaI (T l )

scint iLlat ioa crystals.  Count rates were converted to exposure rates

( uR/h) using f  actors detemined by comparing the response of the

scint i l lat ion detector with that of  a Reuter Stokee ldodel RSS-I1l

pressurized ionizat ion chamber at locat ions on the Niagara Fal ls Storage

Si te  and o f f -s i te  p roper t ies .

Beta-Gama Doee Rate Meaeurements

Measurements l rere performed usiug Eberl ine "Rascal,"  Model PRS-I,

portable scaler/rat€lneters with Model EP-260 thin-windolr, paacake G-M, beta

probes. Dose rates (urad/h) were deternined by comparisou with the

response of a Victoreer Model 440 ionizat ion chamber survey meter.

Borehole toeeine

Borehole gaffin:r radiation Eeasurements were performed usiug a Victoreen

Model 489-55 ganoa sciat i l la i ton probe was shielded by a 1.25 cm thick lead

shield with four 2.5 cm x 7 rn- holes evenly spaced around the region of the

scint i l lat ion crystal .  The probe was lowered into each hole using a tr ipod

holder with a small winch. Measurements lrere performed at 15-30 crn

intenrals- in al l  holes. The loggiug data was used to ident i fy regions of

poesible residues and guide the select ion of subsurface soi l  sanpl ing

locat ions. Due to the varying rat ios of Ra-226, l l -235, U-238, Cs-137, and

Th-232 there was no attempt to est imate soi l  radionucl ide concentrat ions

d i rec t l y  f rom the  logg ing  resu l ts .
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Soi l  Sanple Analvs is

Soi l  sauples nere dr ied,  mixed,  and a por t ion p laced in  a 0.5 l i ter

Marinell i  beaker. The quantity placed in each beaker lras chosen to

reproduce the calibrated countiug geonetry aud ranged from 600 to 800 g of

soi1. Net soi l  weights wete determined and the sampLes counted ueing

intr insic ge:manir:n and Ge(ti) detectors coupled to a Nuclear Data Model

ND-680 pulse height analyzer systen. Background aod Conptoo str ipping,

peak search, peak ideatif icaitoo, aud concentratioa calculatious were

performed using the computer capabil i t ies inherent in the analyzer systeo.

Energy peaks used for detdrrnination of radioouclides of concera were:

Ra-225

u-235
u-23 I
Cs-137

Th-232

0.609 MeV from Bi-2L4 (corrected for equil ibrir:m coudit ions)

0.143 MeV

0.094 MeV from Th-234 (secular equil . ibri  ' -  assumed)

0 .662  MeV

0.911 MeV from A,c-228 (secular equil ibrium assured)

Water Samole Analvsis

I{ater sauples were rough-f i l tered through Whatuan No. 2 f i l ter paper.

Renaining suspended solids were removed by subeequent filtration through

0.45 un membrane f i l ters. The f i l trate was acidif ied by addit ion of 10 nl

of concentrated nitric acid. A known volume of each sample was evaporated

to dryness and counted for gross aLpha and gross beta using a TenneLec

ModeL tB 5100 low-background proportional counter.

Calibration and Oualitv Assurance

I { i th the except ion of the exposure and dose rate conversion factors

for portable survey gauma and beta-gamma meters, all sunrey and laboratory

instruments nere cal ibrated with NBS-traceable standards. The cal ibrat ioo

procedures for these portable instruments are descr ibed above.
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Quality control procedures on al l  iustruments included daily

background and check-source measurements to confirm equipment operation

wi th in  acceptable s tat is t ica l  f luctuat ions.  The 0RAU laboratory

part icipates in the EPA Quality Assurance Program.
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APPENDIX B

SUUUARY OF RADIATION GUIDELINES
APPLICABLE TO OFF-SITE PROPERTIES AT lUE NIAGARA FAI.LS STORAGE SITE



U. S. DEPARTMENT OF EMRGY

INTERII'I RESIDUAL CO}iTA}!I-r-.{TION AND WASTE CO}iTROL GUIDELINES
FOR

FORI{ERLY UTILIZED SITES REE_DIAL ACTIOTi PROGRAI'{ (FUSRAP)
A}ID

REI''9TE SURPLUS FACILITIES yaIIAGEI.€NT PROGRATI (SFMP) SITES

(Review 'r i i th in DOE Continuing)

Presented  here  are  the  res idua l  con taminat ion  c leanup and waste  cont ro l
gu ide l ines  o f  genera l  app l l cab l l i t y  to  the  FUSMP pro jec t  and reoote  SFMP

sitesJ " A si te-specif ic analysis wi l l  be prepared for each FUSRAP and remote

SFI, IP si te pr l .or to determining residual contaminat ion guidel ines for a specif ic

s i te .  In  add i t ion ,  i t  i s  the  po l i cy  o f  the  DOE to  decontaminate  s i tes  Ln  a

rnanner consl.stent wlth DOE's as-1ow-as-reasonably-achievable (ALARA) policy.

ALARA lril l be considered iu reducing 1eve1s of residual Contamination belon

appl icable dose l iu i ts.  ALARA lr i1l  be inplemented using cost/benef i t
cons idera t i .ons ,  and app l ied  on  a  s i te -spec i f i c  bas is .  -

Ttre soi l  residual contaminat iou guidel ines were developed on the basis of

) . in i t ing uaximum individual radiat ion exposure to DOE l ini ts specif ied iu DOE

Order 5480.1A exclusive of exposure' fron natural  background radiat iou or

rnedical procedures. Ttre radium-226 and tboriun-23O guidelines include aa

additional linltation for buildup of rador.222 decay products ln buildings- The

aggregate of the contribution from all najor paChttays, based on scenarios for
permanent intrusion, e.g.1 €stEbl ishing residences on the si ter l tas assuued. Iu

Eost clrcunstances, the probabllLty is 1ow that such an intrusloo rvlll occur.

AIso, conservative assumptioDs were used in deriving these guidelines to eDsure

that a particular dose liuit would not be exceeded. Use of these guf.dellnes ls

addl.tionally conservative because the pattrways considered ln the derlvation of

the guidell.nes assume all water Latake and uost food lntake ls from the slte.

A1so, the FUSRAP and remote SFI{P sltee ofteo have ll.nlted agrlcultural
capabillty and thi contamlnation is generally not homogeneoua. Ttte combined

effect of these factors ls such that the probable radl.atLoD exPosure to the

average population ou, or ln the vicialty of, FUSRAP or renote SFMP sLtes

decont:rninated to these guidell.nes wlll not bb appreclabLy dlfferent from that

nortally recelved frou natural background radl'atLon.

The resl.dual contaninatloD guidelines for surface cont:rnLaatLon of stfucturea

rrere adapted from guidellnes developed by the U. S. Nuclear Regulatory

Co-nission (NRC) for deconfan{13fioo of facLlltles aud equl.pmeot prior to

release for unre6trLcted u6e^gr teral.natlon of llcenses for byproduetr sourcet

or speclal nuclear Daterlal.:!. lhe ltaste control guLdell.ne6 are conslstent

wl.th appllcable DOE Orders aad EPArs regulatlons for lnactlve uraal'trn nllllog

sl . tes, 40 CFR Part 192. ,

f/o r.rote SEMP slte is oue that l.s excess

March 2L' 1984
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l oca ted  ou ts ide  a  na jo r  opera t ing  DOE R&D or  p roduc t ion  area .  Remote  s i tes

are Eore l ikely to be released to the publ lc or excessed to other government

agencies after decontaminat ion than are si tes located with uajor R&D or

produc t ioD areas .

) l
! !A .  S .  Nuc lear  Regu la to ry  Cornrn iss ion  I982 Gu ide l ines  fo r  Decontau ina t ion  o f

Fac i l i t les  and Equ ipnent  Pr io r  to  Re lease fo r  Unres t r i c ted  Use or  Terminat ion

of  L icenses  fo r  Byproduc t ,  Source ,  o r  Spec ia l  Nuc lear  Mater i .a l .  D iv is ion  o f

Fue l  Cyc le  and Mat ,e r ia l  Sa fe ty ,  Wash ing ton ,  DC.

A. : RESIDUAL CONTA},TINATION GUIDELINES FOR FORMERLYUTILIZED SITES AND REMOTE
SURPLUS FACILITIES },IAI{AGEMENT PROGRAI-1SITES

The fol lowing guideLines represeat the naxluum residual eontaminat ion
l in i ts  fo r  unres t r i c ted  use  o f  land  and s t ruc tu res  contaminated  w i th

radioouclides related to the nuclear fuel cycle at FUSRAP and remote SFltlP

si tes. A si . te-specif ic analysis wi l l  be prepared for each si te Prior to

determi.ning resi .dual contaminat ion guidel ines for a specif lc s i te.  I t  is

the poltcy of DOE to decontaminate si tes to contarninat i .oo 1eve1s at or

below the linLts aod in a manner coosisteut rrith DOErs
as-1os-as-is-reasonably-dchievabLe (ALARA) policy orr a site-sPecific basis.

Site-speclflc guidelines and ALARA policy will be determined by DOE oo a

site-specific basis and au ALARA report filed on completloa of renedial

act ion at a sLte. Exist ing state and federal  standards wi l l  be appl ied fgr

water protect iou. Residual contaminat ion l in i ts folrother nucl ides wi l l  be

developed wheu required using the same nethodologf as nas used for those

represented here.

) Guidelines (Maximum Limits for Unrestricted Use

soil cri t"*J ,21 'Y
(pcl| g above legtgreund)-

1 .

Radionuclide

u-tlaturatY
v-23e!,
v-23e! ,
a1,l-?3rC//
k;-226

u-1a*!
Pa-231
Ac-227

Th-232

f;-i|\,sr
Pu-238,
Cs-I37

75
r50
r50
r5

5 pCtlg,, averaged over the
fl.rst 15 cn of soll belorY
the surface; 15 pCf/S shea
averaged over 15 cn thlck
soll layers more thaa 15 cn
below the surface and less
than l.5m below the surface.

15

60
2400
300
80

r40
40

190

23g,240
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Sr -90
H-3 (pCt/ra1 soil  noisture)

300
5,200

r /^- 'Descr ibed in  0RO-831 and 0R0-832.
, l
3 In  the  event  o f  occur rence o f  u ix tu res  o f  rad ionuc l ides ,  the

: -  f rac t ion  cont r ibu ted  by  each rad ionuc l ide  to  i t s  gu ide l ine  sha l1  be
deteru ined,  and the  sum o f  these f rac t ions  sha1 l  no t  exceed l .  There
are two special  cases for which this rule must be nodif ied:

(a) I f  Ra-225 ls present,  then the fract ion for Ra-225 should not be
Lncluded in the sum i f  the Ra-225 concentrat ion is less than or

iiii"il,.'i'*i':*'*i;i:i:* *,;*i:,il-:*i:i,,::"a'[i'n
(b) If Ac-22/ is preseat, then the. same rule given io (") fot Fa-226

relative to Ttr-230 applies for Ac-227 reLative to Pa-23I.
-  

? l
:1 'Except for Ra-226, these guidel ines represent unrestr icted-use

residual concentrations above background averaged acrots auy 15 cn
thick layer to auy depth and over any contiguous 100 n- surface Et€8o
The same condltions prevail for Ba-226 except for soi1 layers beneath
1.5 u; beneath. l.5 u, the allowable Ra-226 conceutratLoo may be
affected by site-specific conditions and rnust be evaluated
accordingly.

tL l]Localized concentratlons ln excess of these guidelines are
alIowable provl.ded that the average over 100 m- ls not exceeded.
Eowever, DOE ALARA pollcy wtll be consldered on a site-specl.fic basls
when dealing wtth elevated localLzed concentratioas.

< ,  t n
1'A curl.e of natural uranium meaus the suu of 3.7 x l0--

disiotegratlons perrqeeond (dfs/s) over any l5cm thigk layers frou
U-238 plus 3.7 r l0^" dls/s from It=234 plus 1.7 x l0' dis/s from
U-235. One curie of natural urauLun Ls equivaleut to 3,000 kl.lograms
or 61500 pouods of natural uranium.

61  .]Asgumes Do other uranl.un isotopes are Present.
1 '

lJfh" 1A-80 gutdellae ls 15 pCLIE to account for ingrowth of Ra-226
ae fr-230 decays. 3.a'-226 ls a liml.ting radiouuclLde because lts
decay product is Ru-222 gas.

g/Th. 
Pu-241 guidelLne was derived from the Ar24l coocentratlon.

2. Strrrcture Guidelines (Maximum Linits for Unrestricted Use)

8. Indoor Radou Decay Products

A structure located on private property aod intended for
uurestrlcted use shall be subject to remedial actl.ou aE necessary
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to ensure the annual average concentrat ion of radoa decay products
is less than 0.03 I{L w"i thin the structure.

b. Indoor Gar.nna Radiat ion

the indoor gauaa radiat ion after decontaminat ion shal1 not exceed
20 microroentgen per hour (20 R/h) above background in any
occup ied  or  bab i tab le  bu i ld ing .

c .  Indoor /Outdoor  S t ruc ture  Sur face  Contaminat ion

AJ.lowable Surface Residua] Contati.,tti.oo*l
(dpn/100 cna)

Radionuclide3 a.,eragJ/'3-l u.*tr JLI '21 Removabl 
"y 

'91

Traasuranics, Ra-226,
Ra-228, 1b-230, Th-228,
Pa-231, Ac-227, I-125,
r-r29 r00 300

U-Natural, th-232,
Sr-90, Fr-223, Pc-224, -
v-232,  r -126,  r -131,
r-133 1,000 3,000 2oo

U-Natural, U-235, U-238,
aud associated decay
products 51000 151000 I  'O0O

Beta-garnna emltters
(radiouuclldes wlth
decay uodes other than
alpha eul.ssloa or
spontaneous flsslou)
except Sr-90 and others
uoted above 5,000 l5 ,oo0 I ,000

As used iu thls table, dprn (dlslutegratlons per uioute)
Deans the rate of emisslon by radioactlve material as
deteruined by correcting the counts per n{nute observed by au
appropriate detector for background, efflcl.ency, and geometrl'c",
factors assoclated wlth the instnrneatatlon.

2l Wtrere eurface cont'nLnatl.ou by both alpha- and
beta-ganna-euLtting radiouuclldes e:rlsts, the ll.mLts
establlshed for alpha- and beta-ga@a-emittiag radl.onuclldes
shall apply Lndependently.

' a l
! Measurenents of avBrage conterninaut should not be averaged

over Dore than I uo. For obJects of lese surface area' tbe

average ahall be derl.ved for each such object.

l L l
! Ttre average aod maximura radiation levels assocl.ated w'lth

surface contaninatl.on resultlng frou beta-gama emLtters should

20

!!
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noc exceed 0 .2  u rad /h  a t  I  cm and 1 .0  o rad /h  a t  I  cm.
respec t ive ly ,  measured th rough no t  Dore  than 7  mg/ea 'o f  to ta l
absorber.

2/ The maxinun cont4uinat ion leve1 appl ies to aD area of not
rnore than 100 cuz.

g 
The aoount of removable radioact ive mater ial  per lO0 cn2 of
surface area should be determined by wiping that area with dry
f i l te r  o r  so f t  absorbent  paper ,  app ly ing  nodera t ,e  p ressure ,  and
assessing the anount of radioact ive nater ial  on the wipe with
aa appropriate instrr :ment of known eff ic iency. Whea removable
contaminat l .on on objects of less surface area is determined,
the pert inent levels shalI  be reduced proport ionately and the
ent ire surface shal l  be wiped.

B. CONTROL OF RADIOACTIVE I.IASTES AI.ID RESIDI'ES FROM FUSRAP A}ID REMOTE SFUP

Speclfied here are the control requirements for radioactive wastes and
residues related to the nuclear fuel cycle at FUSRAP and reuote SFMP sites.
I t  is the pol icy of DOE to store radioact ive wastes in a manner
represeot iug sound engineering pract ices consistent with DOErs ALARA
pol icy.

1. Inter im Storage

A11 operatiooal and control reguirements specified in the following DOE
Orders and other itens shall apply:

8. 5480.1A, Environrnental  Protect ioa, Safety,  and Health Protect iou
Prograrn for DOE Operatlons.

b. 5480.2, Eazardous and Radioactive Dlixed Waste l.lanagement.

c. 5483.1, Occupatlonal Safety and Health Prograo for Governmeut-Owned
Cootractor-Operated Facl.lL ti eB.

d. 5484.1, Environr"eutal Protdctlon, Safety, aud Eealtb Protectl.oB
Inf oruatloa Reporting Requirements .

€. 5484.2, Unusual Occurrence Reporting Systeu.

f . 5820,- Radloactl.ve l{aste Maaagement.

g,. Coatrol and stabill.zatl.ou features will be deslgned to eusure, to

the extegt reasonably achievable, aa effective ll.fe of 50 years'

aod Ln any case, at least 25 Years.

h. p;5.-222 concentratlons I.n the atuosphere above faclllty surfaces or

. openlngs shall uot (l) exceed l0O pCL/L at any glven poiut' or au

average concentratLon of 3o pcLl]- for the facllity slte, or (2)

exceed an average Rn-222 conceutratlou at or above any locatiou
outsl.de the faclllty slte of 3.0 pfll l l (above background).
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1.  For  r " 'a te r  p ro tec t ion ,  use  ex is t ing  s ta te  and federa l  s tandards ;
app ly  s l te -spec l f i c  neasures  l rhere  needed.

2. Long-Te::u Uanageneut

8 .  A11 opera t iona l  requ i reoents  spec i f ied  fo r  In te r i rn  S torage
Fac i l i t ies  (8 .1  )  r r i11  app1y.

Cont ro l  and s tab i l i za t ion ' fea tures  w i l l  be  des igned to  ensure  to
the  ex ten t  reasonab ly  ach ievab le ,  ao  e f fec t i ve  l i fe  o f  1 ,000 years
and,  in  aoy  case,  a t  leas t  200 years .  Other  d isposa l  s i te  des igo
features shal1 conform with 40 CFR Part L92 perfonnance
guidel ines/ requi remen ts .

Ra-222 euanat ion to the atmosphere from faci l i ty surfaces or
openigg shal l  not (1) exceed au average release rate of 20
pCJ,lmz/s, or (2) increase the annual average Rn-222 concentrat lon
at or above aoy locat loo outside the faci l i ty s l te by Eore than 0.5
pCi. /1.

For water protect ioo, use exist ing state and federal  standards;-
apply si te-specif ic measures where needed.

Prior to placeneut of aoy potentially biodegradable contamiaated
wastes in a Long-Tern Management Facility, such wastes rr111 be
properly condl.tioned to (l) ensure that the generation and escaPe
of biogenic gases wtll not cauae che requirement i.u paragraPh 2.c.
to be exceeded, and (2) ensure that blodegradation withln the
faclllty rr111 not result io premature structural failure not la
accordance rrlth the requireuents Ln paragraph 2.b.. If
bLodegradable wastes are conditloned by inelneratiott, Lncineratiou
operatl.ons rr111 be carrl.ed out ln compll.ance wlth all appllcable
federal, state, and local al.r emLssion standards and requlreoetrts'
lucluding 8ny standards for radionucLides established pursuant to
40 CfR Part 61, Natl.onal Eul.ssl.ou Standards for Eazardous Alr
Pollutauts (NESHAPS).

Cz EXCEPTIONS

Exceptions may be made to tbe guideltnes presented herelu follorring
aaalyel.s of the slte-speclflc aspects of a candLdate slte. Speclfl.c
sltuations that narrant conslderatiou for modlfyiug these guLdelLnea ares

l. Iltrere remedlal actl.ous would pose a clear and present rl'sk of Lnjury to
workers or meubers of the publl.c, notwlthstanding reasonable Eeasures
to avol.d or reduce rlsk.

2. Where remedlal actlons would produce envlroomental haro that is clearly

excesslve coupared to the health benefl.ts to persons llvlug ou or near

affected sltes, Dow or iu the future, uotrtlthstaDdLng reasonable
measures to llolt damage to the environment. A clear excess of

envlro ental haru ls haro that ls long-tetn, manlfest, aud grossly

dlsproport,Lonate to health beoefits that may reasonably be antl.clpated.

b .

C .

d .

€ o
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I {here  the  cos t  o f  reoed ia l  ac t ions  fo r  con taminated  so iL  i s

uoreasonably high relat ive to long-tero benefLts and the residual
rad loac t ive  Dater ia ls  do  no t  pose-e  c lear  p resent  o r  fu tu re  hazard .  The

l ike l ihood tha t  bu i ld ings  w i l l  be  erec ted  or  tha t  peop le  w i l l  spend

long per iods  o f  t ime a t  such a  s i te  shou ld  be  cons idered in  eva lua t ing

th is  hazard .  Rened ia l  ac t ions  w i l l  genera l l y  no t  be  necessary  where

res idua l  rad ioac t ive  mater ia ls  have been pJ .aced semiper tanent ly  in  a

loca t lon  r . rhere  s i te -spec i f i c  fac to rs  l in i t  the i r  hazard  and f rom wh ich

they  are  cos t ly  o r  d i f f i cu l t  to  re rDove,  o r  where  oa ly  minor  quant l t ies

o f  res idua l  rad ioac t ive  na ter ia ls  a re  invo lved.  Examples  are  res idua l

rad ioac t ive  ua ter ia ls  under  hard  sur face  pub l ic  roads  and s idewalks ,

around publ ic serrer l i .nes, or in fence-post foundat ions. Supplenental

s tandards  sha l1  no t  be  app l led  a t  such s i tes ,  however ,  i f  ind iv idua ls

are l ike1y to be exposed for long periods of t ime to radiat ioa froo

such mater ials at levels above those that would prevai l  in Subpart  A.

llhere the cost of cleanup of a contaminated buil.ding is clearly

unreasonably high relat ive to the benef i ts.  Factors that sha1l be

Lncluded lu this judgroent are the anticipated period of occuPancy, the

Lacrenental radiation leveI that would be affected by renedial actl'ons'

the residual useful  l l fet ine of the bui lding, the potent ial  for future

construct ion at the si te,  and the appl icabi l i ty of  less cost ly remedial

nethods than removal of  residual radioact ive mater ials.

IJhere there ls no knowu remedial actLoo.

D. GUIDELINE SOI'RCE

Guideline Source

Residual Coutrrnl natloa CrltertJ/

3.

4 .

5 .

Soil Gutdeline

Structure Gul.dellne

Cootrol of RadLoactlve lfastes and Residues

Interim Storage
Loug-Tetm Management

DOE Order 5480.,\1,
40 CFR Part 192-

40 Ct.R Part 192,
NRC Gutdell.nee for
Decootrm{natiou of
Facl.lities and EquLP-
neut Prior to Release
for Unrestricted Use or
fermLnation of Licensee
for Byproduct, Source,
or Specl.al Nuclear
MaterLal (JuIy 1982).

DOE Order 5480.1A
40 CFR Part 192
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l / f t "  bases  o f  the  res idua l  coo taminat loo  gu ide l ines  are  deve loped in

ORO-831 and ORO-832.

2/g"""d on l i rni t ing the concentrat ion of.  Ra-222 decay Products to 0.03 WL

wi th in  s t ruc tu res .
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